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EXECUTIVE SUMMARY 
It is well known that fine-grained sedimentary deposits are often 
associated with contamination and, therefore, present the potential for 
negative impacts on the health of estuarine systems. Deposits of fine-grained 
sediments have been identified as a potential threat to Hillsborough Bay, and 
in response to suggested management options the City of Tampa, Bay Study Group 
(BSG) recommended an investigation of mud-dominated deposits. 
The surface distribution of mud-dominated deposits had previously been 
mapped by the BSG and it was found that they occupy 24% of the Bay bottom. 
The primary objective of this study, one phase of a potentially larger 
investigation of Hillsborough Bay sediments, was to identify geologically 
recent (over the past several thousand years, or since being flooded by the 
most recent rise in sea level) sediment distribution patterns for 
mud-dominated deposits. Specific questions to be addressed include: 
1) How do geologically recent sediment distribution patterns compare with 
modern patterns (those presently being deposited)? 
2) Do modern mud-dominated deposits represent historical sedimentation 
patterns (those over the past several thousand years) or have there been 
noticeable alterations in the recent geologic past? 
3) What controls the distribution of fine-grained sediments and have 
controls changed throughout the recent geologic past? 
4) Have there been distinct alterations in fine-grained sediment distribution 
patterns that may be attributed to man's influence and, therefore, warrant 
further evaluation in future phases of the investigation? 
Eight sediment vibracores were collected primarily from mud-dominated 
deposits in Hillsborough Bay at sites predetermined by the BSG. Cores were 
subsampled at approximately 20 cm intervals and analyzed for texture, 
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composition and structures. Sedimentological data were then correlated with 
high resolution seismic reflection data collected previously by the BSG in 
conjunction with USF. 
Within the scope of this study, there was no evidence suggesting that 
distinct alterations in distribution patterns of fine-grained sediments 
occurred over the past several thousand years. Alterations in fine sediment 
distribution patterns over the past 100 years, however, wiil be evaluated on a 
much more detailed scale in the next phase of the study. The dominant control 
on fine-grained sediment distribution is interpreted to be bathymetry as poth 
geologically recent and modern patterns show mud-size sediments concentrated 
in bathymetric depressions. Average accumulation rates over the past several 
thousand years range from 31 to 49 cm/1000 yrs, and are consistent with values 
discovered for estuaries with minimal fluvial sediment input. Geologically 
recent and modern sediments analyzed owe their origin to terrigenous as well 
as marine sources. Since the Bay area is heavily urbanized, surface runoff 
may be one substantial source of fine-grained sediments and can be expected to 
incorporate any anthropogenic contaminants encountered along the flow path. 
The extent of contamination is beyond the scope of this phase and, therefore, 
will not be evident from this study. 
Phase ~ has established geologically recent distribution patterns of 
mud-dominated sediments in Hillsborough Bay. It is recommended that phase II 
concentrate on the upper 50-100 cm of sediments at selected sites. Sediment 
samples should be collected at closely spaced intervals within each core and 
analyzed for standard parameters such as texture and composition. Detailed 
lead-210 analyses will also be required to determine precise timing of events 
and a higher resolution of more recent (approximately the last one hundred 
years) sediment accumulation rates. Selected samples may also warrant 
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analysis for selected contaminants. Sediment parameters including 
accumulation rates should be compared to results of this study in order to 
more completely evaluate anthropogenic impacts on the Bay. 
Phase I was intended to concentrate on selected mud-dominated deposits. 
A thorough evaluation of sediment distribution patterns if warranted, would 
require coring of all other sediment types to compliment results of this 
study. 
In conclusion, a recent geologic history of selected mud-dominated 
sediments has now been established. Future phases of this program should 
evaluate whether man's influence over the more recent past (approximately 100 
years) is evident. If so, the potential consequences on the health of 
Hillsborough Bay can be further evaluated. 
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INTRODUCTION 
Hillsborough Bay is the northeast lobe of Tampa Bay, a multi-lobed 
estuary located along the west central coast of Florida (Fig. 1) at 
approximately 27°50'N and 82°30'W. It is 14.5 km long by 7.2 km wide and 
comprises approximately 10% of Tampa Bay (Willis, 1984). Like other bays and 
estuaries on Florida's west coast, Hillsborough Bay is relatively shallow. 
Approximately 40% of the Bay is less than 1.8m in depth (Taylor, et al., 1970) 
and its modal depth is 2m (Willis, 1984). Circulation is tidally controlled 
but sluggish. The tidal range is 0.9m and maximum tidal currents reach 51 
em/sec (Taylor, et al., 1970). Fluvial input from the Hillsborough and Alafia 
Rivers, the two largest rivers entering the Bay, has little effect on 
circulation (Stahl, 1970). Urban development has resulted in extensive 
dredging and physical alterations to the Bay and surrounding environment 
(Taylor, et al., 1970). Ship channels, originally constructed in the 1950's 
and 1960's, are dredged to an average depth of 13m (Fehring, 1985). Dredged 
material, consisting predominantly of fine-grained sediments that have settled 
in the channel, is placed on several spoil islands adjacent to the channels. 
Goodwin (1984) attributes a decrease in tidal prism and an increase in both 
volume and depth to recent development activities surrounding Hillsborough 
Bay. Fluctuations in sediment accumulation rates or alterations in 
sedimentation patterns resulting from this relatively recent urban development 
have not yet been evaluated. 
Hillsborough Bay was theorized to have formed by drowning of the 
ancestral Hillsborough River Valley (Stahl, 1970), and therefore owes its 
origin to high frequency sea-level fluctuations of the Quaternary. 
Hillsborough Bay surface sediments are the finest-sized of all of Tampa Bay, 
originating from both terrigenous and marine sources (Goodell and Gorsline, 
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Figure 1. Location map of Hillsborough Bay showing extent of mud-dominated 
surface sediments (after Johansson and Squires, 1988) and locations 
of vibracore sites. Hatching denotes mud-dominated surface 
sediments. 5 
1961). Terrigenous clastic sediments in Tampa Bay are derived from fluvial 
activity in upper regions and become finer toward the Gulf of Mexico. Marine 
sediments are derived from the Gulf and become finer toward the Bay head 
(Goodell and Gorsline, 1961). Sediments consist of quartz sands, carbonates 
and clay minerals (principally kaolinite and montmorillinite) weathered from 
exposed Pleistocene terrace deposits and Cenezoic rocks, along with marine 
carbonates produced within the environments of deposition (Goodell and 
Gorsline, 1961). The City of Tampa, Bay Study Group (BSG) mapped Hillsborough 
Bay surface sediment distributions in 1986 and found mud-size sediments «63~) 
to comprise 24% of the Bay bottom by area (Johansson and Squires, 1988). 
These mud-dominated sediments principally occupy the deeper regions (>3m) of 
the Bay in the west central section (Fig. 1), thereby suggesting a bathymetric 
control on modern fine-sediment distributions. In response to suggested 
management options such as selective dredging of these fine-grained deposits, 
Johansson and Squires (1988) recommended an investigation of their vertical 
distribution and accumulation rates. In addition, they recommended that 
special emphasis be given to determine the extent to which impacts from man's 
activities are recorded in the sediments. 
The primary objective of this project, one phase of a potentially larger 
investigation on sediments of Hillsborough Bay, was to determine vertical 
distribution patterns of mud-dominated sediments. Vertical distribution 
patterns represent the recent geologic history of the study area. For this 
project the term 'recent geologic history' refers to the past several thousand 
years, or the period since being flooded by the Holocene rise of sea level. 
Specific questions to be addressed include: 
1) How do geologically recent sediment distribution patterns compare 
with modern patterns (those presently being deposited)? 
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2) Do modern mud-dominated deposits represent historical sedimentation 
patterns (those over the past several thousand years) or have there 
been noticable alterations in the recent geologic past? 
3) What controls distribution of fine-grained sediments and have 
controls changed throughout the recent geologic past? 
4) Have there been distinct alterations in fine-grained sediment 
distribution patterns that may be attributed to anthropogenic impact 
and, therefore, warrant further evaluation in future phases of the 
investigation. 
It is well known that mud-size sediments are often associated with 
contamination. Additionally, muddy, organic-rich deposits in Hillsborough Bay 
have been found to: 1) contribute to eutrophication; 2) create an oxygen 
demand that may reduce oxygen concentrations in overlying waters; and, 3) 
influence the recycling of nutrients (Johansson and Squires, 1988). 
Consequently, an accurate record of how and at what rate fine-grained 
sediments are distributed throughout the Bay is critical. Results of this 
project will provide background information necessary to evaluate the 
potential for adverse impacts to the Bay by input from the surrounding 
environment and from its own bottom sediments. Precise timing of events and 
specific contaminants present in these fine-grained sediments will be 
addressed in the next phase of the project. Patterns and rates of fine 
sediment distribution and the knowledge of contaminants present will be 
important for developing more efficient and realistic management practices 
aimed at improving and monitoring the health of Hillsborough Bay. 
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METHODS 
A total of eight sediment cores were collected in Hillsborough Bay in 
early June, 1988. Sites were selected by the BSG and were concentrated in 
areas or mud-dominated surface sediments (Fig. 1). One core (3-7) was 
collected from a sand-dominated area for comparison purposes. Samples were 
collected with a portable vibra corer using 3" diameter aluminum tubing. 
Cores were returned to the USF Marine Science Sedimentology Laboratory where 
they were split longitudinally, visually described and subsampled for 
analyses. Half of the core was archived in the event additional analyses wish 
to be performed at a later date. The top 50cm of each core was slabbed 
longitudinally into a 1 to 3 cm thick section and x-rayed in order to evaluate 
the extent of vertical mixing from bioturbation or core disturbance. Samples 
from all cores except core 10-8 were collected at 20cm intervals and at 
additional selected intervals representing distinct lithologic units 
identified during visual descriptions. Core 10-8 was interpreted to consist 
entirely of dredge spoil based upon the large amount of sand and large shell 
fragments and, therefore, was sampled at only three intervals. A total of 120 
samples were collected from the cores. Selected samples were retained by the 
BSG for metal analysis to be performed at a later date. 
All samples were analyzed for texture at whole phi($) intervals using 
standard seive and pipette methods (Folk, 1965). Phi mean and standard 
deviation were computed for each sample by the method of moments (Folk, 1965). 
Calcium carbonate content (%C03 ) was determined for all samples by the acid 
leaching method (Milliman, 1974). Total Organic Carbon (TOC) was determined 
for all samples by loss on ignition at 550°C (Dean, 1974). 
Eight samples were sent to Beta Analytic, Inc., of Coral Gables, Florida 
for radiocarbon age dating. One sample was collected from each core except 
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10-8 and 10-20. Core 10-8 was excluded because of the determination that it 
represented dredge spoil. Core 10-20 was sampled twice (one at 110cm and one 
at 210cm) to provide better stratigraphic resolution. Core 10-20 was chosen 
to be sampled twice because its location in the uppermost region of the Bay 
immediately adjacent to heavily developed areas makes it the one most likely 
to exhibit variations in sediment distribution patterns reflecting urban 
development. Samples were collected from the base of the uppermost lithologic 
unit (determined by visual inspection) in each core at depths believed to 
reflect pre-anthropogenic conditions. This unit, ranging from approximately 
95 cm to 2.5 m in thickness, will be referred to in the following text as the 
'Surficial Unit'. It is assumed, therefore, that accumulation of the 
Surficial Unit was relatively continuous throughout the geologic past, 
although rates of accumulation may have varied. 
Radiocarbon age determinations can be made on either the carbonate 
fraction or the organic fraction of a sediment sample. Both constitute a 
major portion of muddy Hillsborough Bay sediments but both also can be 
contaminated by older or younger carbon, thereby yielding inaccurate ages. 
The organic fraction only was dated based on the following two assumptions: 
1) The carbonate fraction may be contaminated by redeposition of older 
material. Numerous layers of shell fragments, possibly resulting from storm 
events and , therefore, representing redeposition of older shells, were 
identified in several cores. 
2) The organic fraction is less likely to be contaminated by older or 
younger material. Organic matter is input into the Bay chiefly by both runoff 
from the surrounding environment and deposition of organic matter produced 
within the basin. Both are assumed to represent deposition contemporaneous 
with when the organism ceased to respire, thereby yielding an accurate age of 
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the deposit. Redeposition of older organic matter by erosion of older 
deposits is unlikely because the Hillsborough Bay drainage basin contains very 
few organic rich deposits (Campbell, 1973). Also, contamination by younger 
organic material (i.e., roots from overlying plants) i~ unlikely because care 
was taken not to sample layers containing roots or woody material. 
Additionally, contamination by bioturbation is unlikely as core x-radiographs 
show few burrows and a general lack of vertical mixing. 
Sedimentologic data ~esulting from this study were compared to 7.5 kHz 
seismic reflection data collected in June, 1986 by the BSG and the authors, in 
order to determine the lateral extent of stratigraphic units. 
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RESULTS AND DISCUSSION 
Core recovery ranged from 1.5m to 4m in length (Appendix I) and sediments 
appeared to be undisturbed by the coring process. Fragile tubes produced by 
the amphipod Ampelisca at the top of core 5-15 were intact and undisturbed. 
Additionally, core x-radiographs showed .no disturbance that could be 
attributed to the coring procedure. Burrows were observed but in no cores 
were the upper 50cm completely mixed, suggesting that bioturbation was active 
but did not completely rework the uppermost sedimentary layers. 
Textural and compositional sedimentary parameters show a broad range of 
values between cores, but less of a variation within each specific core 
(Appendix II). Mean grain size ranges from 1.6 ~ (medium sand) at 380cm in 
core 3-13 to 9.4 ~ (clay) at 200cm in core 13-6. Calcium carbonate content 
ranges from 0.8% at 240cm in core 5-15 to 85% at 325cm in core 3-30. Total 
Organic Carbon (TOC) ranges from 0.7% at the surface (3cm) of cores 10-8 and 
3-7, and at 240cm i~ core 3-22; to 80.6% in a peat layer at 280cm in core 
10-20. 
Radiocarbon ages of selected samples are presented in Table 1 along with 
average accumulation rates of overlying sediments. Average accumulation rates 
range from 31 to 49 cm/1000 yrs. It should be noted that accumulation rates 
are based upon one or two radiocarbon analyses per core and are averaged over 
several thousand years. Therefore, results are intended to be general and do 
not represent a particular point in time. Rates are consistent, however, with 
those calculated previously for west central Hillsborough Bay. Radiocarbon 
analyses on the calcium carbonate fraction yielded an average accumulation 
rate of 63 cm/1000 yrs (Doyle et al., 1985). In contrast, Trefry, Trocine and 
Metz (1988) calculated average rates of 0.4-2.0 cm/yr for uppermost surface 
layers of lower Hillsborough River sediments. Average rates presented in this 
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Table 1. Radiocarbon age dates of selected samples and average accumulation 
rates of overlying sediments. 
Core Depth Downcore C-14 Age Years B.P. + 10 Average Accumulation 
(em) rate of overlying 
sediments 
5-15 230 4700 + 130 49 cm/1000 yrs 
10-20 210 5770 + 140 *45 cm/1000 yrs 
10-20 110 3560 + 110 31 cm/lOOO yrs 
13-6 190 5200 + 410 37 cm/1000 yrs 
3-7 95 2460 + 90 39 cm/1000 yrs 
3-13 250 5420 + 80 46 cm/lOOO yrs 
3-22 190 6180 + 180 31 cm/lOOO yrs 
3-30 230 6530 + 80 35 cm/1000 yrs 
*Average accumulation rate for 210 em to 100 em interval only. 
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study are lower than the 5-8 mm/yr that Schubel (1971) found for upper 
Chesapeake Bay, and the 1.8 mm/yr that Ootsdam (in Davis, 1978) found for 
Delaware Bay. They are consistent, however, with the 0.65 mm/yr values found 
by Morton (in Davis, 1978) for Narragansett Bay, and the 0.52 mm/yr values 
reported by Ryan (in Davis, 1978) for Mobile Bay. Accumulation rates in 
modern estuaries are dependant upon sediment supply, geography and climate 
(Rusnak, 1967) and have been found to range from 4 mm/yr to <0.7 mm/yr (Davis, 
1978). Rates for Hillsborough Bay are on the lower end of this range and 
probably reflect the small amount of sedimentary material contributed to the 
Bay via rivers. 
Sediment Distribution Patterns 
Areal distribution patterns of surface sediments reflect those discussed 
by Johansson and Squires (1988) (Fig. 1). Six of the eight core top samples 
are dominantly mud-size with mean grain sizes between 6~ and 8~ (Appendix II). 
Surface samples from cores 3-7 and 10-8 have mean grain sizes in the fine to 
very-fine, sand-size range and both consist of over 85% sand-size material 
(Appendix II). Core 10-8 is interpreted to have penetrated dredge spoil and, 
therefore, does not represent natural conditions. Core 3-7 was collected from 
a sand-dominated area (Fig. 1). 
Down core, or vertical sediment distribution patterns, represent the 
sedimentological history of the Bay. Appendix III shows the down-core 
distribution of mean grain size; relative percentages of sand, silt, and clay; 
percent calcium carbonate (%C03); and, percent total organic carbon (TOC). 
Major deviations are the result of spikes in mean grain size and %C03 . These 
correlate with layers or concentrations of either whole shells or shell 
fragments. Examples include core 10-20 at 68cm, core 13-6 at 210cm, core 3-22 
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at 240cm, and core 3-7 at approximately 110cm (Appendix I). Several 
additional shell layers were present and identified during visual description 
but not necessarily sampled. With the exception of spikes produced by shell 
layers, there appears to be less variation in parameters measured in the 
Surficial Units of the cores than underlying layers (Appendix III). 
Thicknesses of Surficial Units vary and may be a result of different sediment 
accumulation rates or environments of deposition. Discussion will concentrate 
on the Surficial Units of cores because it is in these units that recent 
alterations in sediment distribution patterns will be evident. 
Core 3-7 was collected from a sand-dominated zone in the northwest 
central portion of the Bay (Fig. 1). The upper 95cm (Surficial Unit) was 
deposited at a rate of 39cm/1000 yrs. Sediments are dominantly sand size. 
With the exception of a mud peak at 60 cm, over 75% of the upper meter 
consists of fine to very-fine sand (Appendix II). Both loC03 and TOC values 
show little variability over the upper meter. TOC values are all less than 3% 
and %C03 values are all less than 6%. 
Core 3-13 was collected from the mud zone in the west central Bay (Fig. 
1). The Surficial Unit consists of approximately the upper 250cm which has 
accumulated at an average rate of 46cm/1000 yrs (Table 1). Mean grain size 
ranges between approximately 6~ and 8~ with the exception of a peak to 9~ at 
180cm. TOC shows little variability ranging from approximately 10% to 15%. 
The carbonate fraction ranges from approximately 28% to 46% with the exception 
of a peak to over 50% at 180cm. This peak in %C03 corresponding to the peak 
in mud-size sediments is difficult to explain but it appears to result in an 
acoustic horizon as a seismic reflector was identified at this depth (Appendix 
III). 
14 
Core 13-6 was collected from a relatively small and narrow mud-dominated 
zone near the mouth of the Hillsborough River (Fig. 1). The Surficial Unit 
consists of the upper 2m and has accumulated at approximately 37cm/l000 yrs 
(Table 1). Mean grain size has varied between 6.5~ and 9.4~ and samples 
consist almost entirely of silt and clay-size material (Appendix II). The 
slight increase in grain size from 40 cm to the surface reflects an increase 
in silt-size particles as the sand-size fraction changes little. Both TOC and 
C03 show little variation, with TOC ranging between 12.6% and 15.9%, and C03 
ranging between approximately 15% and 26%. 
Grain size values in core 3-30 appear to be more variable than in other 
cores (Appendix III). Core 3-30 was collected from the mud-dominated zone in 
the south central portion of the Bay (Fig. 1). The Surficial Unit represents 
the upper 230cm and has accumulated at approximately 35cm/l000 yrs (Table 1). 
Mean grain size has varied between 4.6~ and 8.3~ and the sand-size fraction 
ranges between 2.9% and 61.7% showing a general increase up core (Appendix 
III). Calcium carbonate content ranges from 19.7% to 42.3% and shows a 
gradual increase from 240cm to 80cm, then a decrease from 80cm to 20cm. Total 
organic carbon content shows little variation ranging from 5.1% to 16.9%. A 
decrease in mean grain size reflecting a relative increase in clay-size 
particles, and slight increases in TOC and %C03 from 20 cm to the surface may 
be significant and reflect a recent alteration of sedimentation patterns. An 
exact determination however, cannot be made without a detailed study of the 
uppermost portion of the core. 
Core 3-22 was collected from the mud-dominated zone in the south central 
portion of the Bay immediately north of core site 3-30 (Fig. 1). The upper 
190cm, representing the Surficial Unit, has accumulated at an average rate of 
31cm/l000 yrs (Table 1). Mean grain size ranges from 5.6~ to 8.6~ and has 
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decreased from 5.6~ to 7.5~ from 40 cm to the surface (Appendix III). This 
represents a relative increase in clay-size material and corresponding 
decrease in sand-size material, as the silt-size fraction remains relatively 
constant. Total organic carbon content also remains relatively constant over 
the top 190 cm varying from 7.57. to 15.27.. Calcium carbonate content ranges 
from 11.57. to 37.27.. As in adjacent core 3-30 the decrease in grain size from 
40 cm to the surface may be significant and represent a geologically re~ent 
alteration in sedimentation patterns, but cannot be further evaluated without 
detailed analyses. 
Core 5-15 was collected from a mud-dominated zone in the southeast 
portion of Hillsborough Bay adjacent to a dredge spoil island (Fig. 1). The 
Surficial Unit is represented by the upper 230cm and has accumulated at an 
average rate of 49cm/l000 yrs (Table 1). Core 5-15 is the only core analyzed 
that exhibits what could be described as a distinct trend throughout the 
Surficial Unit (Appendix III). From 160cm to the surface the mean grain size 
declines from 3.4~ (very-fine sand) to 7.9~ (very-fine silt). The percentage 
of sand decreases over this interval from 83.47. to 13.87.. Total organic 
carbon content remains low «37.) from 180cm to 80cm then steadily increases to 
10.67. at the surface. Calcium carbonate content decreases from 187. at 160cm 
to 37. at 80cm then steadily increases to 26.57. at the surface . The spike in 
7.C03 of 187. at 160cm corresponds to the largest mean grain size (3.4~) and 
highest sand content (83.47.), and correlates to a reflection horizon 
identified on the seismic records . (Appendix III). The steady up-core trend 
toward finer grained sediments and higher TOC and 7.C03 values represents a 
gradual, localized alteration in sediment distribution patterns. Such a 
gradual alteration may represent a decrease in depositional energy 
accompanying increasing water depth during the Holocene sea-level rise. 
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Decreasing energy permits the deposition of finer-sized material, along with 
organic matter. During sea-level rise the adjacent Alafia River would become 
less competent with rising base level and, therefore, would not have the 
ability to contribute coarser-grained material to the depositional site. 
Accompanying rising sea level and subsequent deepening, more open marine 
conditions would prevail, which may account for the increase in %C03 . 
Core 10-20 was collected from the northern part of the west central 
mud-dominated zone (Fig. 1) immediately adjacent to Hooker's Point and Davis 
Island, a heavily developed area of Tampa. The Surficial Unit is represented 
by the upper 210cm. Because of the close proximity to heavily developed areas 
core 10-20 was dated twice (210cm and 110cm). Average accumulation rates have 
declined from 45cm/1000 yrs between 5770 and 3560 YBP, to 31cm/1000 yrs 
between 3560 YBP and the present (Table 1). With the exception of a spike in 
grain size and %C03 representing a shell layer at 68cm, there appears to be 
little variation in all parameters in the Surficial Unit (Appendix III). Mean 
grain size ranges between 5.4~ and 8.6~ with the mud-size fraction (silt and 
clay) consistently making up greater than 50% of the sediment. Total organic 
carbon content ranges from 5.8% to 15.4% and %C03 ranges from 8.3% to 27.9% 
(Appendix II). 
Core 10-8 sampled dredge spoil in the northeast portion of the bay 
immediately adjacent to a spoil island (Fig. 1). Sediments consist of over 
79% fine to very-fine, sand-size sediments. Less than 11% consists of calcium 
carbonate and TOC content accounts for only 0.7 to 2.1% of the sediment 
(Appendix II). 
Sediments below the Surficial Unit in general show much greater variation 
in all parameters (Appendix III). Major spikes in grain size and %C03 reflect 
shell concentrations as previously described. Major spikes in TOC often 
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represent layers of peat (e.g., core 10-20 at 280cm) some containing wood 
fragments or roots possibly representing mangrove colonization. Some spikes 
in %C03 do not correspond with shell layers, but consist of a tan-colored 
carbonate-rich mud. The basal samples of cores 3-22 and 3-30 (Appendices II 
and III) are characterized by this C03-rich mud. The origin is not known but 
based upon the texture and unusually high C03 content it may be an alteration 
product derived from subaereal weathering of underlying limestone units 
(Esteban and Klappa, 1983) during periods of lowered sea level. The base of 
core 10-20 consists of at least a 30cm thick layer of peat containing root 
fragments, which is immediately overlain by a 10cm thick layer of whole oyster 
shells (Appendices I, II and III), interpreted to reflect the onset of marine 
conditions during a relative rise of sea level. The bases of cores 13-6 and 
3-7 are characterized by a blue-gray clay so compact that in both cases it 
constituted refusal during the coring process. This clay unit probably 
represents the upper portion of the Miocene Hawthorn Formation (Stahl, 1970; 
Campbell, 1973). Sediments overlying the blue-gray, clay-rich unit and 
underlying those of the Surficial Unit, represent several million years of 
sea-level fluctuations and changing geologic conditions, thereby accounting 
for the great variability identified within these intervals. 
High resolution seismic reflection data show highly irregular sub-bottom 
horizons in the study area. Because of the irregularity of reflection 
surfaces it is impossible to trace a specific horizon from one core site to 
another. Reflection horizons can be correlated with specific layers within 
the same core however. 
The most prominent reflection horizon is the blue-gray, clay-rich layer 
encountered at the base of cores 3-7 and 13-6 (Appendices II and III), 
interpreted to represent the top of the Miocene Hawthorn Formation. The 
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reflection surface is extremely irregular (Fig. 2) possibly as a result of 
numerous periods of subareal exposure resulting from sea-level fluctuations 
during the late Tertiary and Quaternary. It is stratigraphically the deepest 
ieflector and, therefore, represents the basal reflection horizon identified 
in the study area. The majority of overlying reflection surfaces correlate to 
layers of either whole shells, or shell fragments interpreted as storm 
deposits. Examples include core 3-22 at 240cm; core 5-15 at 150-170cm, core 
3-30 at 220-240cm, core 10-20 at 68cm, and core 10-20 at 200cm. Although the 
latter is offset, it probably correlates to an oyster assemblage identified at 
260cm (Appendix III). Other reflection surfaces correlate only to subtle 
visual changes in lithology. Examples include core 3-30 at 320cm, core 3-13 
at 300cm and core 5-15 at 210cm (Appendices I and III). Since reflection 
surfaces often correspond to localized events (such as storm deposits, living 
assemblages, or even subtle lithologic changes), they may not represent the 
same event from core to core. Therefore, present available data are not 
sufficient to correlate horizons throughout the study area. 
Seismic data collected from surficial mud-dominated zones commonly 
exhibit sub-bottom depressions (Fig. 3). Since core data show that 
mud-dominated sediments are not just surface features but often extend I-3m 
into the subsurface (Appendix III), it is suggested that fine-grained sediment 
deposition throughout the recent geologic past has been concentrated primarily 
in bathymetric depressions, similar to what Johansson and Squires (1988) have 
described for the present. 
Recent Geologic History of Mud-Dominated Deposits 
In the west central mud province core data show no distinct alterations 
in sediment distribution patterns from the period ranging from 2500-6000 
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Figure 3. Seismic profile showing sub-bottom depression in the west central mud-dominated zones at 
vibracore site 3-22 (A) and 3-13 (B). Note that the depth scale is given in water depth (m) 
only. No conversion was made to depth in sediment because the shallow penetration and mucky 
nature of sediments make the difference negligible. 
years ago to the present, that could be detected within the scope of this 
study. Mud-dominated sediments have been accumulating, with no observable 
disruption, since being flooded by the Holocene transgression, which probably 
began for Hillsborough Bay about 6,000 years ago (Scholl and Stuiver, 1967; 
Neumann, 1971). 
The decrease in mean grain size and sand content observed in the two 
southernmost cores (3-22 and 3-30) over the surficial 20-40cm may represent 
recent alterations in sediment distribution patterns but more specific data 
collected at closer intervals are required in order to more completely 
evaluate the distribution. If these cores do represent a recent alteration in 
sediment distribution patterns, they probably result from localized activities 
affecting the lower portion of the Bay as similar patterns were not observed 
in cores collected from upper Bay sediments. The primary control on sediment 
distribution for the west central mud province and the mouth of the 
Hillsborough River appears to be bathymetry as geologically recent and modern 
mud-size sediments have been deposited in bathymetric depressions. 
The sand-dominated zone sampled by core 3-7 in the northwestern portion 
of the Bay also shows no distinct alterations in sediment distribution 
patterns in the recent geologic past. Average sediment accumulation rates are 
consistent with rates calculated for mud-dominated zones. 
The southeast mud-dominated zone sampled by core 5-15 shows a steady 
decrease in grain size and increase in TOC and % C03 over the recent geologic 
past. No dramatic alterations were observed however, suggesting that there 
has been a steady, gradual shifting in sedimentation patterns over the last 
several thousand years. The reason for this shifting is not known but it 
appears to be localized as this shift was not observed in other cores. The 
gradual shift is suggestive of a long term event such as rising sea level, as 
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opposed to a dramatic event, but once again, the upper 20-40cm should be 
analyzed at closer intervals to make a complete evaluation. 
Sediments sampled in the study area originate from both marine and 
terrigenous sources. Since sediment distribution patterns have not altered 
drastically during the Holocene transgression it is logical to assume that the 
origin of sediments have not changed dramatically. It should be noted 
however, that fine-grained sediments contributed to the Bay by runoff from 
surrounding land masses would surely incorporate any contaminants that might 
be encountered in the flow path. A study recently completed by Trefry, 
Trocine and Metz (1988) reported contamination by both lead and mercury of the 
upper few centimeters to tens of centimeters of 'mucky' sediments in the lower 
Hillsborough River. The source of contamination is interpreted to be 
fine-grained sediments derived from the river banks, tributaries, storm sewers 
and other sources of runoff between the Hillsborough River dam and river 
mouth. Similarly; Doyle, et al. (1985) reported a patchy distribution of 
petrogenic hydrocarbons in Hillsborough Bay sediments and concluded that input 
was from localized point sources within and surrounding the Bay. Contaminants 
such as metals, agricultural chemicals, and other organic compounds 
incorporated into mud-dominated sediments of Hillsborough Bay would, of 
course, not be evident from results of this study. 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Analyses of sediment ' texture, composition, and structure; and 
correlations with seismic reflection data, enabled the identification of 
geologically recent distribution patterns of mud-dominated sediments in 
Hillsborough Bay. Within the scope of this study, there was no evidence of 
drastic alterations in sediment distribution patterns from 2500-6000 years ago 
to the present. Controls on deposition of fine-grained sediments is 
interpreted to be bathymetry as both recent historic (during the Holocene 
transgression) and modern patterns shpw mud-size sediments concentrated in 
bathymetric depressions. Additional controls on deposition that may have 
developed have not had a noticable influence on sediment distribution patterns 
in mud-dominated zones of west central Hillsborough Bay. Average accumulation 
rates over the past several thousand years range from 31 to 49 cm/1000 yrs, 
and are consistent with rates reported for other estuaries with minimal 
fluvial sediment input. Geologically recent and modern sediments analyzed owe 
their origin to terrigenous and marine sources. Since the Bay is almost 
completely surrounded by urbanized land masses, surface runoff may be a 
substantial source of fine-grained sediment input, and can be expected to 
incorporate any anthropogenic contaminants encountered along the flow path to 
the Bay. 
Now that sediment distribution patterns have been determined for the 
period encompassing the last several thousand years to the present, it is 
recommended that phase II of the project concentrate on the upper portion of 
the Surficial Unit. The surficial 50-100 cm of selected mud-dominated sites 
should be analyzed at closer intervals in order to more precisely evaluate, at 
a much finer scale, more recent (approximately the last 100 yrs) patterns of 
fine sediment distribution. Based upon results from this study, sites should 
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include the lower Bay regions of the west central mud-dominated zones where 
sediments showed a tendancy toward fining in the upper 20-40cm. At least one 
site should be located in the southeast mud-dominated zone where a relatively' 
long term trend toward finer grain size was evident. In addition to standard 
sedimentologic parameters, detailed Pb-210 analysis at closely spaced 
intervals is recommended in order to determine precise accumulation rates of 
uppermost layers and more accurate timing of events recorded in the surficial 
sedimentary record. Analysis of selected cores for specific anthropogenic 
contaminants such as metals, agricultural chemicals, hydrocarbons, and other 
specified organic compounds is also recommended. Detailed data from surficial 
layers should be compared with historical sediment distribution patterns and 
rates of accumulation resulting from this study in order to better evaluate 
anthropogenic impacts. Information generated during phase II will be valuable 
for identifying sources and sinks of potentially harmful sediments in 
Hillsborough Bay and, therefore, will aid in developing better management 
practices. 
Additionally, results of this study have established geologically recent 
sediment distribution patterns for selected mud-dominated deposits and were 
not intended to pertain to the entire Hillsborough Bay. In order to determine 
sediment distribution patterns throughout the entire Bay, a sufficient number 
of cores at specified locations would be required to sample all other sediment 
types as completely as possible and compliment results of this study. Such an 
effort would be warranted if a thorough evaluation of the sedimentary 
environment is deemed appropriate. 
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Appendix I. Visual descriptions and graphic logs of the eight vibracores 
collected in the study area. Depths downcore given in cm. 
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KEY TO SYMBOLS 
HUD 
SHELLS 
BIOTURBATION 
BURROHS 
SAND 
ORGANICS 
ROCK 
CLAY 
SILT 
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50 
100 
110 
CORE NO. 3-7 WATER OEPTH 
LOC. Hill s b 0 r 0 ugh Bay 
Muddy sand 
Some Burrows 
4/1 Bioturbation 
N-3 
N-4 
N-S 
SB 
5/1 
Sand y mud 
Mottling Downcore 
Shells Increase Downcore 
Mottled sandy patches 
Concentrated shells 
Large Gastropods 
High concentration of shells 
Molluscs - primarily gastropods & oyste s 
Mud 
Blue gray clay - hard 
Rock 
30 
50 
100 
150 
CORE NO. 3-13 WATER OEPTH 
LOC. Hillsborough Bay 
Olive 
Gray 
SY 3/2 
Mud 
Few Shells 
Moderate concentration of shells 
Few shells 
High concentration of she~ls 
Few shells 
Large gastropods 
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CORE NO. 3-13 WATER OEPTH 
LOC. Hillsborough Bay 
Depth 
in sed Symbols Coler log Descriptions 
250 
300 
Few shells 
Grayish 
Black Mud 
N-2 
Medium 
Gray 
N-5 
._._'" Gra ish 
.- .-. y 
Black 
N-2 
Black 
N-1 
Black lenses and blebs 
Mud with black lenses and blebs 
Decreasing in number downcore 
Tan blebs increasing downcore 
Burrowed 
Few shells 
Angular contact with above 
Very few shells 
Peat 
Homogeneous 
High water concentration with 
Gastropod shells 
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CORE NO. 13-6 WATER OEPTH 
LOC. Hillsborough Bay 
~.-.- . 
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. - _.-
1-. - \:.1-' 
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~ ..... ,_ . 
. _.- .-f--._. _. 
'--'l- .-1-._ . _ . 
. _. -.-
1--'- ._. 
-- . -\:J-~.- ._. 
50 ._. - . -
-r-' - . - . 
'-A - .-... _. _ .
. _. _.-
.. _.- . 
. _._t;)-
_._.- . 
. _. _ .. -
-'-' _. 
·-A- .-t--._._ . 
. _. _.-
t-.- . _. 
'-'-\:1-
~.-- _ .
. _. -,,-
r-f.'I- .,.. 
._. _.-
100 _r-. - . _. 
-. _.-
1-'-'-' 
. - • -1:1-1-. _. _ . 
. - . - . -
-J'l-' - . 
. _._.-
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. _. _.-
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t-- ' .-. " -" 
._" _.-
_. -,,_. 
,,~t=\- .-
.... -" _ .
. _. - .-
110 -- . - . _ • 
. _. -'=-'-
_._._ . 
. _.- .-
r-' - _ . 
. _. _.-
I-f.'t- _ . 
. _. -,,-
f-. - . _. 
.' _. - .. 
1-'-' _ . 
. -.-" -
~.-. _ .
. _._" -1-' _._ • 
. _. _.-
1-'-._. _ .. 
1-'-'- ' 
Grayis 
Black 
N-2 
Dark 
Gray 
N-3 
I 
Dnalptiol. 
High water concentration decreasing 
Downcore 
Few small shell fragments decreasing 
Downcore 
Lighter color 
Slight banding 
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CORE NO. 13-6 WATER OEPTH 
LOCo Hillsborough Bay 
D~th 
in seci Symbc)la 
11'-. - .-- • 
. _.- .. 
t-- • - • _. 
:~··V~··-: :~~Vri.:i.I:l~ 
. ~ '! -1.1\ '! 
~.--- ..... , 
._._.-
~. - ._ . 
. - . _.-
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.::~'~:.~ .. 
::\::~~).W 
" .. h" ,,'. 250 - :: ..... '.~ '. 
: .:~':': ::: 
" .. '. .: .... : . 
... : .... ::\j- .. 
:',' :.:: .. ~ 
~,:.:.".' .. :", 
"n' ,'" .... 
:<»(,-.:::, 
. . "" ~ .' , --:-'"""'C'v~ ~.-- --~-. 
300-
350-
Coler log Oescr1Qtionl 
5Y 8/1 
Dark 
Gray 
N-4 
Sand-High concentration of shell 
fragments 
Mud - parallel bedded 
Sand with mud burrows 
Compact sand nodule 
Few shell fragments 
Yellowish green spot 
Yellowish-Orange vertical streaks 
Clay-Bluish gray blebs 
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50 
100 
110 
CORE NO. 3-30 WATER OEPTH 
LOC. Hill s bo rough Bay 
Olive 
Gray 
5Y 3/2 
Mud with large amount 
increasing down core 
Large Gastropods 
s 
High concentration of shell fragments 
Mud with few shell fragments 
35 
CORE NO. 3-30 WATER DEPTH 
LOC. Hillsborough Bay 
Depth Symbob inS~ Coler log Descriptions 
~~7':'7':" Shells increase down core ~ .:. -:- \il 7' .:. 
t--. - • -~ MUD 
• -I\-~ Ji..:.i" ..:. t'1 :.. 
1-1'\- . - A 
·-w-t.)-~I~~1r High concentration of shells 
'?f'-'-W-:O7~ . 
• - , 7.\..:..' MUD 
· - . _. 1-1-\_._. 
~~-:-~-:-: 
~.-.-~ Shells decreasing down core 250- --\:1_. ~.-~-. -
· _. .- Grayish ~":''7'':'~': Black 
~.-.-. N-2 io-A-·-
~.-.- . 
· _. _.-
7 .:. -:- ~'7 ~ 
t-._.-.. 
• -&,:1- ._. 1-,-,-, 
..... _.-
I- • -\:,1-' ~_.- ,-
.... - ._. 
· - ._,..,.. 
~.-.-. 
300-
e_ ._._ 
~ ........... 
· -Cl- .-
~.- ._-
· _. -.-
I-'-~-' 
.... - ... 
8-I-~r~ Yellowi h · Clay - bioturbated with brown lenses ~l. j- -1 Gray 5Y 8/1 
350-
36 
50 
100 
usa 
CORE NO. 3-22 WATER OEPTH 
LOC. Hillsborough Bay 
Color log 
Olive 
Gray 
SY 3/2 
Mud with concentrated shell fragments 
Some shells 
Moderate-High concentration of shells 
Few shells 
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CORE NO. 3-22 WATER DEPTH 
LOC. Hillsborough Bay 
D~tn 
in sed SymbOts Coler log Descriptions 
I- ,- .-~ ._. _ .... 
~,.- . _ ..
• .AI • .- • _ 
~.--.-- . 
.... .. -"1-
~.- .. ,. .. 
1:"'-' - .-
~'._' u ~~:. ~~-: 
, - (\.. '.~ 
... ,,- .-. 
. x.. - n-
VSlftL~JI ~\:I!l. ~~~ 
._._- -
250 -)- }.,.- . - • , .I.J. _. _ 
1-.. - 'OOc' 
.. _. - .--
I-'~-u' Grayish 
. _ .. _.-. 
1-.10-'-' Black 
."._ •• N- 2 
... ·_·TI· 
._._,.,. . 
.... -.';\. . 
. ~.-, ... 
t--"", • -- .. 
-_ .. _ .. -
.... _._. 
'T'\'-'-
I-V_,-tI 
.- ...... -
300-7 J-:- j7S';' 
... r -t.- . 
'r' J' ~ Pin k ish 
~.-.-, Gray 
350-
._. _.-
1-._._.5YR 8/1 
'_a __ _ 
~.-. _ . 
.... _. -
~.-.- . 
---. _ .. -
1-._._. 
Moderate-High concentration of shells 
Very high concentration of shells 
Mud - few shells 
Burrows 
Bioturbated, Tanish muds 
Homogeneous 
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50 
100 
110 
CORE NO. 5-15 WATER OEPTH 
LOC. Hill s b 0 r 0 ugh Bay 
Coler log 
Olive 
\:1-'-' Gray 
._._.5Y3/2 
Surface - Undisturbed ampilisca tubes 
Mud with few shells 
Slightly darker color 
Grayis 
Black Few shells, increase downcore 
N-2 
Mud 
High condentration of she~ls 
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CORE NO. 5-15 WATER DEPTH 
LOC. Hillsborough Bay 
Depth 
Symbols Cola in sect log Descriptionl 
~~.-. 
.. _.- Mud 
~.- .... 
. _ .... -
... _.-f."a Few shells 
._._. -
-tJ-· - . Dark 
-_ ..... - Gray r-'-' _. 
._.-f.l- N-3 
~.-.- . 
. _. _.-
r-c}- . _ . 
. _. - .. -
~.-.- . 
. -.-f.\-
~._.- . 
Large shell . p,._{jI- fragments 
250-... -._. 
._._. -
_._.- . 
. _.-. - Sand y /Shell y ~f~·''''''·'~· '' r~il~ Shell line-large gastropods sy 6/1 Thin layer, bioturbated muddy sand 
~C-·-· 
'-'-'-Ir' -.-. 
. _. -A- Lighter color downcore 
~.-.-.. ~-. - ._. Mud with few shells 
~.-.- . 
. - . -\:1-
~.-.- . 
. _. -'- Medium Shells decreasing downcore 
-A-' _ . 
. _.---.- Dark 
300-~.- .-. 
.-.-~- Gray 
_.-. _. 
N-4 
._.--'-
~.-. _. 
~.-.-
~.-.-. 
-_ ...... -
r-'-'''' ._.- '-
350-
4U 
CORE NO. 10-20 WATER OEPTH 
LOC. Hi 11 s bo rough Bay 
~.-. _. 
._._.-
..... - . 
..... -.-
~.-. _. 
.-.- .-
~.-.- " 
.-.- .-
- ..... ~ . 
. --._.-
_.- .-, 
50 -. _.- .-
_._. _. 
MUD 
High water concentration 
M,!:"utt Very high concentration of shells 
""'~~~ ~~ 
1\ U Gra y ish 
.-.-.- Black 
" u _._ ._. N-2 
' .~.-.~ 
u 
~.- ._. 
" " ._.-. -
1\ " ~.- .-. 
100 - " 
'-'-'-~.-.~ . 
. "_._.-
u 
~.- .-. 
u " ~.-.-. 
v ~ 
.-.- .. 
1150 - " 
_ . _ • .lI. 
" .- . ..-'-V 
-. - ..... 
" 
. .-,. -~-
v 
_ .. - .-. 
" 
.- '-'-
" ~.-.- . 
. - .--.-v 
Few-Moderate amount of shells 
Moderate-High concentration of shells 
Decrease 
in 
Shells 
Downcore 
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CORE NO. 10-20 WATER OEPTH 
LOC. 
Depth 
in sect: Symbols 
~.- .. _. 
f\ 
-_. - .. -
~.-.~ . 
. '!..._.-
~._.~u . 
. ~.- .-
I- ....... ~ . 
. _._--
" ~.--.- . 
. _. _.-
250 -.,. . _ . .!:! . 
. - .-.-
,.. " t-._.'II.. 
", I " " t:;'\ .~ .... , ~':-L 
,. "].,.I '" u " ... ~. ..~..,. 
"-J" 'U.l lui U..J w 
l 7L' \u ~ 
~UJ\.U 
I \.JJ \..JJ 
WL-.1W 
W UJ 
1\.J.I\...L..Iu.J 
\.!./ 'uJ 
300- \.LI \..J.J 'U.J 
350-
Hillsborough Bay 
Cola' log Descriptions 
Black 
N-l 
Concentrated shells - some very large 
Peat with brown wood fragments 
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CORE NO. 10-8 WATER DEPTH 
LOC. Hillsborough Bay 
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I· •• ·,;..~ ••••• , .. :. 
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~.;,~·~~':t}.~ 
Olive 
Gray 
5Y 4/1 
Medium 
Lt. 
Gray 
N6 
Very 
Lt. 
Gray 
N-8 
MUD - some large shells 
Dark Mottles 
Sandy mud - Muddy sand 
Many shells 
Orange Mottles 
Sandy mud - Muddy sand 
Very latge amount of shells 
Large_Pelecypods 
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CORE NO. 10- 8 WATER OEPTH 
LOC. Hillsborough Bay 
Depth 
in sed Symbols Cola' log Descriptions 
350-
Greenish-Yellow Mottles 
Very high concentration of shells 
Some large fragments 
Greenish-Yellow Mottles 
44 
Appendix II. Table of Phi mean, standard deviation, 7. sand, 7. silt, 7. clay, 
7. eo3 , and 7. Toe of all core samples collected in the study 
area. 
45 
HILLSBOROUGH BAY SEDIMENT ANALYSIS 
---------------------------------------------------------------------------------
CORE DEPTH PHI STAND.DEV % SAND % SILT % CLAY % C03 %TOC 
# (CM) MEAN (PHI) 
---------------------------------------------------------------------------------
3-7 3 2.9 1.5 92.7 2.2 5 3.2 0.7 
20 3.2 1.8 93.9 2.2 3.9 4 0.8 
40 3.4 2.6 84 1.3 14.7 3.8 2 
60 5.6 3.7 45.1 25.9 29 4.8 2.5 
80 3.1 2.8 83 8.7 8.3 5.4 2.1 
100 4 2.7 80.9 6.1 13 3.6 2 
112 2.3 3.2 83.3 8.2 8.5 32.5 4.1 
120 5.2 3 68.5 6.9 24.6 2.3 2.9 
135 4.2 3 74.8 7.1 18.1 1.9 4.5 
155 5.4 3.1 56.9 9.5 33.5 2.8 5.2 
~ 165 4.3 4.1 60.9 11.9 27.2 29.2 3.6 
'" 3-13 3 6.9 3 24.2 42.1 33.7 32.2 12 
20 7.3 3.2 19.9 31.3 48.8 28.7 13.4 
40 6.3 3.4 36.6 24 . 4 39 34.8 9.9 
60 6.5 3.8 28.1 29.1 42.8 46.3 12.2 
80 6.8 3.5 24.6 22.6 52.8 39.9 14.3 
100 7.5 3.1 17.5 31.1 51. 5 37.7 13.5 
120 7.2 2.6 13 59.3 27.7 31.5 11.3 
140 5.9 3.4 41.2 24.6 34.2 35.1 11.1 
160 8.1 2.9 17 22.3 60.8 28.6 15.6 
180 9.1 2.5 7 17.6 75.5 51.9 12.6 
200 7.9 3 12.3 30.4 57.3 36.1 15.4 
220 7.8 2.7 12.2 25.9 62 32.9 15.2 
240 7.8 3 15.1 38.5 46.4 31.4 15.1 
260 5.9 3.4 48.6 16.5 34.9 24.1 8.2 
280 8.5 2.9 12.6 19.2 68.2 7.8 15.9 
300 7.9 8.5 23.4 16.5 60.1 22.4 17.2 
320 6.5 3.3 33.1 31.3 35.6 7.7 14.7 
340 5.1 3.1 50.3 25.2 24.5 36.5 27.3 
360 6.5 3.6 36.6 18.8 44.6 22.4 16 
380 1.6 3.5 83.6 7.7 8.8 18.5 64.8 
400 5.3 3.2 35.9 42.9 21.2 72.5 10 
3-22 3 7.5 3.3 16.1 30.3 53.6 32.8 8.8 
20 6.5 3.3 25.5 37.7 36.8 30.2 9.3 
40 5.6 3.9 37.7 28.8 33.5 32.8 7.5 
60 6.2 3.4 26 37.1 36.9 11. 5 10.7 
80 8.6 1.5 1.6 52.2 46.1 29.5 12.6 
100 6.9 3.4 22.9 30 47.2 24.7 12.2 
120 8 2.6 6.2 38.9 54.9 22.1 10.9 
140 7.1 3.4 18.7 32.9 48.3 30.4 11. 4 
160 8 2.7 10.7 31.2 58.1 24.7 14 
180 6.1 3.6 42.3 18.5 39.3 37.2 15.2 
200 8.4 2.3 4.6 36.1 59.2 30 10.4 
220 4.3 2.8 72.6 13.7 13.8 17.1 3.3 
240 2.5 2.3 93.3 2.3 4.5 41.4 0.7 
260 6.6 3.6 33.3 21.1 45.6 8.2 14.7 
280 6.2 3.4 38.8 25.1 36 20.5 11. 2 
300 6.7 2.3 10.2 60.4 29.4 55.4 11.1 
.p- 320 5.9 2.5 15.4 62.9 21. 7 83.4 9.4 
-....J 
3-30 3 7 3.3 29.8 24 46.1 24.2 9.3 
20 4.6 3.3 61.7 17 21.3 22.7 6.8 
40 5.6 3.5 46.6 26.3 27 34.6 5.1 
60 7 3.1 23.9 21.6 54.4 40 7.4 
80 5.2 4 36 33.3 30.6 42.3 7.8 
100 7.5 3 13.6 25.7 60.7 41.9 9.4 
120 7.4 2.5 3.8 60.3 35.8 35.8 10.1 
140 8.3 2.4 2.9 36.5 60.6 35.8 9.8 
160 7.7 3.1 9.2 37.2 53.6 35.6 8.7 
180 7.7 2.4 2.9 54.4 42.7 29 16.9 
200 7.7 2.8 10.4 42.6 47 33.7 7.9 
220 5.7 3.2 44.8 28.6 26.6 27.6 5.3 
240 8.5 2.8 12.5 18.7 68.8 19.7 13.3 
260 8 2.9 11. 5 33 55.5 16.3 14.6 
280 7.7 2.8 6.9 43.6 49.4 23.9 14.9 
300 7.7 3.2 21. 6 20.8 57.5 20.3 15.4 
320 5.6 3.2 39 37 24.1 76.5 10.1 
325 5.3 2.4 26.3 61.5 12.1 85 10.6 
5-15 3 7.9 2.8 13.8 33.2 53 26.5 10.6 20 6.8 2.6 11.5 58.3 30.2 29 8 40 7 2.8 27.3 31. 8 41 16.8 9.8 60 5.6 3.3 51. 5 12.8 35.8 6.3 5.2 80 5.1 3.1 59 16.8 24.2 3 1.7 104 4 2.3 80 9.1 10.9 3.3 1.8 120 4.1 2.7 79.5 6.9 13.6 4.8 1.9 140 3.7 2.6 80.2 8.7 11.1 10.5 2.7 160 3.4 1.9 83.4 11.7 4.9 18 2.1 180 4.3 3 72.9 9.7 17.4 5.6 1.4 200 6 3.1 40.5 27.5 32.1 10.2 3.9 220 6.6 3.1 24.8 37.9 37.3 6.4 7.6 240 5.2 3.1 53.8 21.7 24.5 0.8 2.9 260 4.1 3.1 69.5 14.5 16 5.9 5 265 4.9 3.1 56 22.8 21.2 7.3 3.7 272 4.7 3.1 56.3 25.7 18 24 16.3 280 5.7 3.8 33.6 36.4 30.1 40.2 11. 6 300 6.1 3.6 42.8 12.5 44.7 28.8 8.4 320 5.2 3.6 49.1 19.6 31.3 21.3 8.5 .j:-. co 
10-8 3 3.2 2.4 88 4.1 7.9 7.2 0.7 20 2.6 1.9 93.8 6 0.2 10.8 1 110 3.8 3 79.8 5.4 14.7 5.9 2.1 
10-20 3 6.3 3.2 22.7 48.3 29 19 5.8 20 6.3 3.3 34.9 25.4 39.7 17.8 7.3 45 6.5 2.8 19.9 48.6 31.5 17.4 10.9 60 6.8 2.6 15.6 28.4 56 24 10.4 68 2.5 2.7 87 6.2 6.7 42.3 2.2 80 7 3.5 20.2 31.6 48.2 27.9 9.5 100 5.4 3.7 43.9 21 35.1 24.8 8.6 120 7 2.9 20.9 33.4 45.7 12.8 9.8 140 7.5 3.1 24.1 32.6 43.3 13.1 8 160 8.6 2.4 8.3 38.3 53.4 14.8 13.1 180 8.1 2.6 9.2 32 58.7 8.3 15.4 200 8 2.7 18.9 30.5 50.7 8.9 10.6 220 8.1 2.6 12.5 32 55.5 8.2 11. 5 240 7.5 3.2 24.7 31.7 43.5 10.4 12.5 262 4.8 3.9 40 38 22.1 48.6 15.4 280 6.1 4.3 25.1 11.9 63 13.8 80.6 
13-6 3 6.5 2.1 4.3 67.5 28.2 23.2 15.6 
20 8.3 2.5 6.9 13.7 79.4 24.7 14.9 
40 9.1 1.9 1.8 23.9 74.3 21. 5 15.7 
60 8.7 2.1 3.5 16 80.5 25.7 15 
80 9 1.5 0 41. 5 58.5 22.5 15.4 
100 7.5 0.3 0 98.7 1.2 17.8 16.7 
120 8 2.6 4.7 27.9 67.4 23.9 13.8 
140 8.4 1.9 0 51.3 48.7 23.2 15.1 
160 9.3 1.4 0 37 63 17.7 15.9 
180 8.3 2.3 2.4 42.4 55.3 15.1 14.7 
200 9.4 1.9 0 20.1 79.9 19.9 12.6 
216 4.4 2.7 71.5 13.9 14.6 3.1 0.9 
220 8.9 2.4 3.8 32.7 63.5 9.1 13.2 
240 5.4 3 45.4 30.8 23.7 1.4 1.1 
260 3.6 2.3 81.7 7 11. 3 1.6 1,.6 
275 3.5 2.4 82.2 9.3 8.5 2 3.7 
.p-
\.0 
Appendix III. Vertical distributions of grain size, i. C03 and i. TOC. Also included are seismic reflection horizons (shaded area) and 
radiocarbon ages. SD denotes sand, ST denotes silt and CL 
denotes clay. Mean grain size increases to the left, with 
decreasing $ values. (Note: Seismic reflection horizons have 
no specific designation because the irregular nature of the 
surface made it impossible to correlate horizons between 
cores.) 
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